C raniopharyngiomas are histologically benign tumors first described over 150 years ago. They are thought to arise from squamous cells resulting from partial involution of the embryonic vestigial hypophyseal-pharyngeal duct, also known as the "craniopharyngeal duct." 30, 47 They may represent one end of a spectrum of diseases spanning Rathke's cleft cysts, arachnoid cysts, colloid cysts, cystic pituitary adenomas, epidermoid cysts, and dermoid cysts. 47 Although benign histologically, their anatomical location, physical characteristics, biological behavior, and associated morbidity and mortality make craniopharyngiomas one of the most destructive lesions of the sellar region.
The Genentech National Cooperative Growth Study (NCGS) was designed to monitor the efficacy and adverse event profile of recombinant human GH (rhGH) therapy in pediatric patients receiving rhGH manufactured by Genentech, Inc. Included in the patients enrolled in the NCGS were those with a history of GH deficiency secondary to surgical treatment for craniopharyngioma. This report is an analysis of the correlation between the recurrence rate of surgically treated craniopharyngiomas in children treated with postoperative physiological rhGH replacement therapy whose data were entered into the NCGS.
Methods

Description of the ncgs
The NCGS core study (registered with the ClinicalTrials.gov database, registration no. NCT00097539) is a multicenter, open-label, observational, postmarketing surveillance study of the Genentech rhGH products Protropin, Nutropin, Nutropin AQ, and Nutropin Depot, which were marketed at different times in the United States and Canada. The study includes male and female patients treated, between 1986 and 2005, with one or more of the aforementioned products for pediatric growth disorders for which GH is indicated. Subjects initiating or receiving therapy with one of these products could be voluntarily enrolled in the study and followed up throughout the course of their treatment. Subjects were excluded from study entry if they were being treated with a non-Genentech rhGH product, had closed epiphyses, or had active neoplasia. Intracranial lesions were required to be inactive (without progression either clinically or radiologically), and antitumor therapy must have been completed for a period of 12 months prior to the institution of rhGH therapy in all included patients. Data for children enrolled in the NCGS with a diagnosis of preexisting craniopharyngioma were extracted for analysis in our study.
Patients
A total of 739 patients who had a craniopharyngioma prior to the initiation of rhGH therapy and who also had follow-up information in the NCGS database were included in this analysis. The data cutoff for the analysis was May 2005. Patients were divided into 3 age groups for study: < 9 years, 9-13 years, and > 13 years. This analysis was restricted to the first 7 years from enrollment because the data were too sparse after this time period. The average dose of rhGH in this patient group was 0.253 ± 0.07 mg/kg/wk. As part of the NCGS follow-up of the children while on rhGH, investigators at the Genentech Department of Medical Information reported adverse events; one of the adverse events reported for patients enrolled with a craniopharyngioma diagnosis is recurrence of the craniopharyngioma-defined as clinical progression, tumor growth on imaging, or both. Reporting tumor recurrence was mandated by the study protocol. Therefore, the NCGS data provide a reasonable assessment of children diagnosed with craniopharyngioma who are treated with rhGH and subsequently experience recurrence of the craniopharyngioma.
results
The overall incidence of recurrence in this analysis of 739 patients with craniopharyngioma treated with rhGH replacement was 6.8% (50 recurrences), with a median follow-up of 4.3 years (range 0.7-6.4 years) after initiation of GH therapy (Table 1) . Age at the time of study enrollment was statistically significant according to both Cox proportional-hazards (p = 0.0032) and multivariate logistic regression (p < 0.001) models, with patients under 9 years of age more likely to develop recurrence (30 [11.8%], 0.025 recurrences/yr of observation) than those ages 9-13 years (17 [6.0%], 0.017 recurrences/yr of observation) and those older than 13 years (3 [1.5%], 0.005 recurrences/yr of observation; p = 0.0097; Fig. 1 ). When monitored longer on GH therapy, all age groups were found to be more likely to develop recurrence.
Discussion
After the resection of craniopharyngiomas, many patients retain or develop new endocrine dysfunction. There is some evidence that the most frequent hormone deficiency in all types of central nervous system tumors, regardless of the treatment received, is GH. 17 Often these patientsparticularly pediatric patients-require hormone replacement to restore normal physiology. For pediatric patients, GH is perhaps most important to their healthy growth and development, yet its use remains controversial. There is continuing concern that long-term GH replacement may increase the likelihood of craniopharyngioma recurrence after surgery. 2, [8] [9] [10] 12, 26, 33, 37, 39 It is well known that GH has both mitogenic and antiapoptotic functions. 4, 48 Several studies have independently shown that GH can exert direct antiapoptotic effects on human cancers of various kinds, including breast, brain, colon, and prostate. 2, 4, 28, [37] [38] [39] 48 The mitogenic and antiapoptotic properties of GH have led to some concern that longterm GH replacement could increase the recurrence rate or decrease the time to recurrence in patients who have undergone resection of craniopharyngioma. In 1998, an analysis of 488 patients (median follow-up 3.7 years) from the Kabi Pharmacia International Growth Study (KIGS) 10 An overview of literature rates of craniopharyngioma recurrence after conventional surgical and adjunctive care is presented in Table 2 . 6, 7, 11, 13, 14, 18, 19, 23, 32, 34, 36, 41, 44, 46 Yet recurrence is not the only concern when GH is replaced. A recent study from France described a possible association between GH therapy during childhood among "low-risk patients" (isolated GH deficiency, idiopathic short stature, and small for gestational age) and increased risk for hemorrhagic stroke in young adulthood, though its conclusions have been contested. 29 Growth hormone replacement is an effective therapy that often restores normal physiological conditions in patients who otherwise would have severe endocrine deficiencies. In 2003, Gleeson et al. reported that, over the last 25 years, GH therapy in childhood survivors of brain tumors improved final height for patients undergoing both cranial (r = 0.5, p = 0.03) and craniospinal (r = 0.6, p < 0.001) operations. 16 Also in 2003, Monson reported that GH replacement helps reduce the significant morbidity associated with GH deficiency by improving central fat mass and reducing serum total and low-density lipoprotein cholesterol. 26 He also pointed to GH replacement as an important contributor to psychological wellbeing that helps resolve some of the psychosocial issues that GH-deficient pediatric patients face. 26 Geffner et al. reported excellent linear growth in a series of 199 prepubertal patients undergoing rhGH therapy after resection of a craniopharyngioma; however, they noted that it had no ameliorative effects on morbid weight gain, a common side effect of resection of tumors in the region of the hypothalamus. 15 Careful dosing and monitoring of rhGH is crucial to the success of GH replacement therapy, as the elevation of GH above physiological levels can have adverse effects. 1, 9, 31, 33, 35, 45 The major limitation of this study is its inclusion criteria. Children followed in this study clearly do not represent all potential GH-treated patients with craniopharyngiomas; one would suspect that patients who fare poorly after surgery or other forms of therapy or who have significant residual tumor after resection might never be considered candidates for GH replacement therapy. Additionally, the timing of the initiation of GH replacement certainly varies from one child to another. The NCGS protocol follows the guidelines of the 2003 Lawson Wilkins Pediatric Endocrine Society by stating that "prudence would dictate waiting one year after completion of tumor therapy with no evidence of further tumor growth before initiating GH therapy." 45 Although craniopharyngiomas are not truly malignant, the majority of NCGS patients were treated after at least 1 year from primary therapy; therefore, the rate of recurrence in the 1st year is unlikely to have been captured. Most recurrences have been reported to occur in the first 3 years after surgery. 42 The actual length of exposure to GH must be considered as one of the factors influencing recurrence in these patients. If there is a relationship between GH replacement and recurrence rates, it would be important to calculate the outcome according to length of exposure and doses of GH. Additional limitations due to the nature of the NCGS relate to missing data, including absent data on possible differences in postoperative adjuvant treatment rates among each cohort, extent of initial resection, and frequency of postoperative MRI monitoring. Despite these limitations, this report encompasses the largest group of children with craniopharyngiomas ever analyzed for recurrence and provides a valuable resource to assess recurrence specifically in a GH-treated population. The recurrence rates in these children were as low as or lower than those seen in other careful studies of children who have undergone surgical removal of craniopharyngiomas. 10, 27 Specifically, the rate of recurrence of craniopharyngioma after rhGH therapy reported here, 6.8% over 4.3 years of follow-up, compares favorably with the contemporary literature rates of 11%-16%, though a limitation of our study was its relatively shorter median follow-up period. 10, 27 While there is some cell culture evidence showing that craniopharyngioma cell growth is promoted by GH exposure in vitro, perhaps related to the expression of GH receptors and insulin-like growth factor-1 receptors on the tumor, clinical studies do not support this correlation. 25 Long-term rhGH replacement therapy does not appear to affect the progression-free survival rate in patients with craniopharyngiomas. 22, 27, 37, 43 conclusions This analysis provides evidence that there is very low, if any, risk that physiological rhGH replacement therapy given to children who have undergone craniopharyngioma resection facilitates tumor recurrence. This evidence may allow for more systematic and effective GH replacement therapy in these children, for whom the psychosocial aspects of GH deficiency can significantly impede their quality of life. 
